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FOREWORD 

This  is  one  of  a  series  of  technical   reports  presenting  results  from  the 
Montana  Air  Pollution  Study  (MAPS),  a  special   air  monitoring  and  health  effects 
project  of  the  Air  Quality  Bureau,  Montana  Department  of  Health  and  Environ- 
mental  Sciences.     The  1977  Montana  Legislature  provided  the  MAPS  project  with 
$1.07  million  for  the  1977-1979  biennium  to  improve  understanding  of  how  air 
pollution  affects  health  in  Montana. 

The  various  MAPS  activities  have  been  grouped  into  five  major  categories 
for  purposes  of  project  management:     Health  Effects,  Air  Quality,  Meteorology/ 
Modeling,  Emission  Inventory,  and  Statistics  and  Data  Systems,     Results  from 
each  of  these  technical   areas  are  to  be  presented  in  a  series  of  reports  pre- 
pared by  the  personnel   directly  involved  in  each  category  of  MAPS.     There  will 
also  be  a  technical   summary  report  and  a  report  to  the  public  in  layman's 
language. 
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PREFACE 

This  report,  in  the  MAPS  emission  inventory  category,  presents  results 
and  conclusions  of  a  study  on  the  feasibility  of  conducting  an  historical 
emission  inventory  for  the  Butte-Anaconda  area  of  Montana.  Robert  Raisch 
of  the  Montana  Department  of  Health  and  Environmental  Sciences  (DHES)  served 
as  project  officer  of  the  study.  The  feasibility  study  was  conducted  by  Gary 
Williams  of  Historical  Research  Associates  (HRA)  of  Missoula,  Montana  and 
by  Dr.  Chatten  Cowherd  and  Russel  Bohn  of  Midwest  Research  Institute  (MRI) 
of  Kansas  City,  Missouri. 
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I.  INTRODUCTION 

A  review  of  Montana's  vital  statistics  for  the  period  1968-1973  revealed 
high  death  rates  from  chronic  obstructive  lung  disease  (asthma,  emphysema, 
chronic  bronchitis),  cerebrovascular  disease,  and  cancer  of  the  respiratory 
system  in  Deer  Lodge  and  Silver  Bow  Counties,  Considering  that  such  diseases 
often  are  associated  with  air  pollution,  the  staff  of  the  Air  Quality  Bureau 
concluded  that  an  historical  study  of  air  pollutant  emissions  in  the  Anaconda- 
Deer  Lodge/Butte-Silver  Bow  area  might  be  beneficial. 

Methodology 

The  staff  of  the  Montana  Air  Pollution  Study  (MAPS)  decided  a  feasibility 
study  should  be  performed  before  an  historical  emission  inventory  was  begun. 
This  approach  allowed  the  staff  to  assess  the  availability  of  data  and  the 
chances  of  project  success  prior  to  commitment  of  substantial  funds. 

Proceeding  along  this  line,  DHES  in  January  1978  contracted  with  Historical 
Research  Associates  (HRA)  of  Missoula,  Montana,  to  conduct  an  initial  historical 
literature  review.  HRA's  objective  was  to  determine  the  quality  and  quantity 
of  historical  information  that  could  be  used  for  making  emission  estimates  for 
the  period  1880  to  the  present.  The  following  emissions  were  of  particular  con- 
cern for  this  study:  sulfur  dioxide;  particulates;  cadmium;  arsenic;  and  lead. 
HRA  personnel  then  approached  the  project  in  three  stages:  (1)  compilation  of 
a  general  bibliography  on  the  history  of  the  study  area;  (2)  review  of  the 
literature  and  listing  of  the  air  pollution  sources  active  during  the  period 
1880  to  the  present;  and  (3)  performance  of  a  detailed  information  search  on 
those  sources. 
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^^       HRA  used  many  sources  of  information,  including  the  Montana  Historical 
Society,  University  of  Montana  archives,  Montana  School  of  Mineral  Science 
and  Technology  library,  the  World  Mining  Museum,  local  government  agencies, 
and  personal  interviews.  The  researchers  gathered  information  on  domestic 
and  industrial  activities  in  the  Butte-Anaconda  area  that  were  related  to  air 
pollution.  HRA  presented  its  findings  in  a  draft  report  entitled  "Preliminary 
Investigation,  Historical  Emission  Inventory,  Montana  Air  Pollution  Study." 
In  July  1978,  Dr.  Chatten  Cowherd  and  Russel  Bohn  of  Mid^west  Research 
Institute  (MRI)  met  in  Missoula,  Montana,  with  Gary  Williams  of  HRA  to  discuss 
providing     technical  assistance  for  determining  whether  the  available  infor- 
mation was  sufficient  to  warrant  further  study.  On  August  31,  1978,  MRI 
submitted  a  report  entitled  "Feasibility  Study  of  Performing  an  Historical 
Emission  Inventory  for  Butte/Anaconda  Area"  to  DHES.  The  results  of  that  report 
are  discussed  in  the  following  section. 
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II.  RESULTS  AND  DISCUSSION 

During  the  initial  stages  of  the  study,  HRA  reviewed  a  great  many  articles, 
organized  a  working  bibliography  of  over  175  technical  writings,  and  copies  of 
more  than  100  partial  and  complete  technical  references.  HRA  reviewed  this 
information  and  determined  that  there  was  detailed  descriptive  and  quantitative 
information  regarding  the  types  of  pollution-generating  equipment  used  by 
industrial  sources  in  the  Butte-Anaconda  area,  but  there  was  a  significant  lack 
of  such  information  for  household  sources.  Since  mining  and  smelting  played 
extremely  important  roles  in  the  development  of  both  Butte  and  Anaconda,  numer- 
ous historical  periodicals,  journals,  and  mining  records  containing  detailed 
descriptions  of  mining-related  sources  were  easily  located. 

HRA  compiled  excelilent  descriptions  of  the  equipment  and  processes  used 
by  the  Butte  and  Anaconda  mining  industry  from  1880  to  1970.  Descriptions  of 
the  following  industries  were  located:  ore  processing  stamp  mills;  heap 
roasting;  Butte  area  blast  and  reverberatory  furnaces;  and  various  configura- 
tions of  the  Washoe  copper  smelter  in  Anaconda.  HRA  was  able  not  only  to  locate 
geographically  most  of  these  industries,  but  also  to  discover  considerable 
annual  metal  production  data. 

Appendix  A  includes  a  description  of  the  Butte  and  Boston  Company  to 
exemplify  the  type  of  information  available  for  various  early  mining  and 
metallurgical  industries. 

HRA  encountered  difficulty  locating  information  on  household  sources  of 
atr  pollution.  However,  the  researchers  located  annual  statistics  for  popula* 
tton  and  motor  vehicle  numbers.  Sketchy  historical  information  on  street 
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paving  home  heating,  and  residential  lighting  also  was  located.  The  re- 
searchers believe  information  on  significant  trends  in  types  and  number  of 
home  heating  devices  can  be  identified  and  dated.  On  the  other  hand,  it  is 
extremely  difficult  to  locate  information  on  street  sanding  and  cleaning. 
Midwest  Research  Institute  (MRI)  conducted  a  technical  review  of  the  HRA 
report  and  the  more  than  100  technical  papers  copied  by  HRA.  Table  1  presents 
the  detailed  results  of  that  analysis.  Assessment  of  the  results  led  MRI  to 
make  the  following  recommendations: 

1.  That  the  inventory  be  compiled  for  ten-year  periods  starting  in  1880 
and  ending  in  1970  ; 

2.  That  the  pollutants  to  be  inventoried  include  the  following:  total 
suspended  particulate  (TSP);  sulfur  dioxide  (SO^);  lead  (Pb);  arsenic  (As); 
cadmium  (Cd);  and  copper  (Cu)  ; 

3.  That  all  significant  sources  of  these  pollutants  be  inventoried; 

4.  That  the  inventory  be  conducted  over  a  six-month  period  ; 

5.  That  the  inventory  be  a  joint  effort  between  HRA  and  MRI  ; 

6.  That  the  inventory  would  cost  $30,237  and  require  650  HRA  man-hours 
and  600  MRI  man-hours. 

7.  That  four  other  options  were  available: 

(1)  reduce  the  averaging  time  to  five-year  periods  and  increase  the 
effort  by  33  percent;  (2)  include  the  analysis  of  physical  samples 
such  as  tree  cores  and  protected  soil  with  a  50  percent  increase 
in  effort;  (3)  eliminate  minor  sources  reducing  the  effort  25 
percent;  and  (4)  exclude  the  period  1910  to  1940  resulting  in  a 
reduction  in  effort  of  25  percent. 
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After  extensive  review  of  the  MR!  and  HRA  reports,  the  Air  Quality 
Bureau  requested  comments  and  recommendations  from  the  MAPS  Emission  Inventory 
Advisory  Committee.  Even  though  the  committee  members  felt  an  historical 
emission  inventory  for  Butte  and  Anaconda  had  a  great  deal  of  merit,  they 
rejected  it,  saying  that  (1)  the  inaccuracies  inherent  in  present  inventories 
could  only  be  compounded  when  dealing  with  the  past,  and  (2)  the  cost  was 
considerable  and  somewhat  prohibitive. 
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TABLE  1 

EMISSIONS  INVENTORY  DATA  REQUIREMENTS 
(10-year  averages) 


Source  Category 


I.  Open  pit  mining 


II, 
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Process 
Description# 


Excavating  equipment 
types  and  capacities 

Haulage  equipment 
types  and  capacities 


Equipment  types  and 

capacities 
Pollution  control 

devices 
Ore  properties 


III.  Other  metals  or   Equipment  types  and 
minerals  operations   capabilities 

IV.  Power  plants      Fuel  properties 
(utility,  industrial)  --heating  value 

--ash  content 
--sulfur  content 


Potential 

for 
Obtaining 
Data** 


Copper  ore 
reduction 


V.  Sawmills 


Equipment  types  and 
capacities 


VI.  Open  dust  sources: 
Unpaved  roads  and 
paved  roads 


Exposed  areas 
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Numbers  and  types 
of  vehicles 
niles  of  roads 
ADT  values 


Types  of  exposed 
materials  (tailings, 
waste  rock,  bare 
ground) 
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X 

LlJ 

1X3 
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o 
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a. 

X 

X 

X 

X 
X 

X 

X 

X 

i 

1 

i 

! 

X 
? 

X 

Annual 
Source 
Extent 


Potential 

for 
Obtaining 

Data** 


*Tons  ore  re- 
moved 
*Tons  waste 

rock  removed 
Average  haul 
distance 

*Tons  ore 
processed 

*Tons  copper 
produced 

*Tons  tailings 
generated 

Tons  of  produ 
Tons  ore  pro 

cessed 
Tons  of  fuel 

burned 


Quantity  of 
timber  pro- 
cessed (1000 
board  ft) 

Tons  of  waste 
burned 


Vehicle-miles 

traveled 
(from  gasoline 
consumption  or 
from  product  o 
miles  and  ADT) 


i  i- 

S- 

o 

ro 

o 

U- 

G. 

X 

X 

:tX 


Acreages  of 
exposed  areas 
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TABLE  I  (cont.) 


Source  Category 

VII.  Open  burning  and 
incineration 


VIII.  Space  heating 


IX.  Mobile  sources 


Process 
Description# 

Types  of  materials 

burned 
Waste  dump  areas  & 

operations 
Incinerator  types 

and  capacities 

Types  of  fuels 
Types  and  capacities 
of  furnaces 


Fuel  properties 
Numbers  and  types 
Vehicles 


of 


Potential 

for 
Obtaining 

Data** 
■F. 


T 


Annual 
Source 
Extent 

Tons  of  waste 

material 

burned 
Numbers  of 

structures 

burned 

Quantities  of 
fuel   burned 
(relate  to 
population 
density) 

Vehicle  miles 
traveled  (frorr 
fuel   consump- 
tion, or  trip 
lengths  and 
frequencies) 


Potential 

for 
Obtaining 
Data** 


t. 

h. 

p. 

X 

X 

X 

X 

#  Provide  flow  charts  if  available 

*Provide  yearly  data 

**The  "Potential  for  Obtaining  Data"  section  is  based  upon  the  preliminary 
documents  research  conducted  by  Historical  Research  Associates.  An 
"excellent"  classification  indicates  information  known  to  exist,  at  least 
for  selected  year,  and  probably  sufficient  for  purposes  of  this  study. 
The  "fair"  rating  indicates  potential  sources  are  known,  or  information  is 
available  on  an  irregular  basis.  A  "poor"  classification  indicates  no 
source  of  such  information  located  in  the  preliminary  study,  or  available 
on  such  an  irregular  basis  as  to  provide  no  averages.  Not  all  of  the 
processes  and  source  extent  items  were  included  in  the  preliminary  search. 
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III,  CONCLUSIONS 

The  staff  of  the  Air  Quality  Bureau  concluded  that  an  historical   emission 
inventory  for  Butte  and  Anaconda  could  be  performed  for  all   emission  sources 
with  emphasis  on  the  major  industrial   sources.     The  Bureau  also  concluded  that 
if  the  study  wene  undertaken,  it  should  span  the  entire  period  1880-1970. 

The  Bureau  recommended  that  the  study  be  indefinitely  postponed  unless 
additional   funding  were  available.     Since  that  time,  the  Montana  Legislature 
provided  MAPS  with  an  additional   $350,000  over  the  1980-1981   biennium.     The 
Bureau  reprioritized  the  project,  considered  the  cost  of  conducting  an  historical 
emission  inventory  in  conjunction  with  other  MAPS  tasks  yet  to  be  initiated, 
and  decided  to  terminate  the  project. 
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APPENDIX  A 

BUTTE  AND  BOSTON 
(See  also  Boston  and  Montana  Company) 

Locatton; 

North  of  road  leading  across  the  bridge  to  East  Butte. 
Construction: 

1885  -  smelter  built 

1892  -  plant  burned  down;  soon  rebuilt 
Terminated: 

1910  -  Bought  out  by  Anaconda  Company  and  apparently  closed. 
Owners: 

1885  -  1888  -  ? 

1888  -  Company  reorganized  with  A,  J.  Davis  as  President  and  D.  L.  Demmon 

aslreasurer.  The  same  owners  bought  the  Silver  Bow  Mill  at  this 

time  and  expanded  rapidly. 
1895  -  President  J.  A.  Coram;  General  Manager,  Charles  H.  Palmer. 

Consolidation  of  Butte  &  Boston  &  Montana  was  considered. 

1899  -  Anaconda  Co.  (Amalgamated)  acquired  large  interests  in  the  Butte 

and  Boston  and  Boston  &  Montana. 

1900  -  Butte  &  Boston  leased  its  smelter  to  Boston  &  Montana  ~  no  mention 

of  consolidation, 
1902  -  Butte  &  Boston  were  listed  separately  from  Boston  &  Montana. 
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^^^  Process: 

"These  works  were  started  in  1885  with  4  Bruckner  cylinders   (8  by  18 
feet),  2  re  verberatory  matting-furnaces  (hearths  22  by  17  feet,  treating 
5- ton  charges),  and  2  blast-furnaces,  the  larger  being  96  by  36  inches  at 
tuyeres  and  11   feet  high.     In  1889  2  O'Hara  roasting-furances  were  added; 
later,  4  Allen-Brown-O'Hara  furnaces;  and,  these  giving  satisfaction,  the 
original  O'Haras  were  remodeled  to  the  Allen-Brown-O'Hara  type,  and  the  Bruckner 
cylinders  throt/^n  out.     In  1892,  when  the  plant  burred  down,  8  Allen-Brown- 
O'Hara  furnaces  were  in  operation.     The  plant  was  immediately  rebuilt,  the 
Allen-Brown-O'Hara  furnaces  were  repaired,  but  not  the  Brucker  cylinder.     A 
new  blast-furnace,  96  by  36  inches  and  16  feet  high,  was  erected  to  take  the 
place  of  the  old  small  cupola.     This  furnace  was  originally  provided  with  a 
bell-and-hopper  feed,  which  proved  too  expensive.     In  1901  the  width  of  the  new 
furnace  was  increased  to  40  inches  and  the  height  reduced  to  11   feet.     Up  to 
1893  the  blaSt-furnaces  smelted  little  but  roasted  concentrates.     The  matting 
reverberatory-furnaces  were  remodeled  and  enlarged  in  1895.     The  converter- 
plant  was  started  in  1900.     The  present  plant  comprises  8  Allen-Brown-O'Hara 
roasting-furnaces   (hearths  90  by  9  feet),  4  matting-reverberatories  (hearths 
50  by  20  feet,  the  first  furnaces  of  this  size  having  been  built  in  1899-90), 
1   blast-furnace  96  by  44  inches  at  tuyeres  and  9  feet  high,  and  3  horizontal 
converters  with  barrels  10  feet  6  inches  by  7  feet." 
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Equipment: 

1885  -  a)  4  Bruckner  cylinders,  8  feet  x  18  feet 

b)  2  reverberatory  matting  furnaces,  hearths  22  feet  x  17  feet 
(treating  5  ton  charges) 

c)  2  blast  furnaces,  1  of  which  was  96  inches  x  36  inches  at  the 
tuyeres  and  11  feet  high. 
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.   1889  -  a)     2  "oHara  roasting  furnaces  added 
1889-1892 

a)  4  Allen-Brown-O'Hara  furnaces  added.     Original  O'Haras  re- 
modeled to  Allen-Brown-O'Hara  type  and  Bruckner  cylinders 
discarded. 

b)  1892  -  plant  burned  down  but  was  immediately  rebuilt. 

c)  After  the  fire  the  Allen-Brown-O'Hara  furnaces  were  repaired. 

d)  Date  uncertain--new  blast  furnace,  96"  x  36"  and  16'   high, 
erected  to  take  the  place  of  old,  small  cupola. 

1893  -  Until  this  date  blast-furnaces  smelted  little  but  roasted  con- 
centrates. 

1895  -  a)  Matting  reverberatory-furnaces  remodeled  and  enlarged. 

1896  -  See  A42  for  description  of  concentrator  and  flow  chart. 

1900  -  a)     New  converting  plant  built  capable  of  producing  900,000  pounds 
of  copper  monthly. 

£  ■  1901  -  a)     Width  of  new  furnace  increased  to  40"  and  height  reduced  to 

1902  -  Equipment  operating: 

a)  8  Allen-Brown-O'Hara  roasting  furnaces,  hearths  90'   x  9'. 

b)  4  matting-reverberatories,  hearths  50'  x  20'   (first  furnaces 
of  this  size  having  been  built  in  1899-90). 

Production  Statistics: 

None  available  from  1885  to  reorganization  in  1888  in  sources  researched 
thus  far. 

1889  -  1,103,125  lbs.  of  copper 

1890  -  5.357,723  lbs.  of  copper 

1892  -  10,641,269  lbs.  of  copper 

1893  -  20,457,928  lbs.  of  copper 

1894  -  57,937,633  (listed  jointly  with  Boston  &  Montana) 
^       1895  -  60,746,000  (Listed  jointly  with  Boston  &  Montana) 

1896  -  4,500,000  (listed  jointly  with  Boston  &  Montana) 
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1897  -  No  production  figures  in  charts  for  that  year 

1898  -  7,000,000  (listed  separately) 

1899  -  79,000,000  (Listed  jointly  with  Boston  &  Montana) 

1900  -  16,950,000  (listed  separately) 

1901  -  58,028,746  (estimated  jointly  with  Boston  &  Montana) 

1901  -  22,200,000 

1902  -  10,000,000  (estimated  separately) 

1907  -  9,209,650 

1908  -  10,349,640 

1909  -  14,010,500 
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